Times were harsh for British textile workers in the early 19th century. In the context of a national economy already stressed by the demands of the Napoleonic wars, the introduction of wide-framed looms and knitting machines that could be operated by low-paid, relatively unskilled laborers further threatened the livelihoods of traditional workers. Paramilitary groups who claimed the mythical King Ned Ludd as their leader attacked and destroyed wool and cotton mills in the years 1811 to 1812. The government reacted with Draconian severity. Despite the eloquent parliamentary protest of Lord Byron, who compared the Luddite offensive to the recent American Revolution, such sabotage was declared a capital crime. Some of these industrial rebels were executed, and others were transported to Australia, quickly breaking the back of the Luddite movement. Although the original Luddites opposed the technological advances of the Industrial Revolution primarily because of the personal hardship it inflicted, the term Luddite or neo-Luddite continues to resurface as a synonym for someone who opposes modern technology on more quixotic grounds.
Unlike the Luddites, specialists in orthopaedic sports medicine tend to embrace technology quite readily. We continually challenge the limits of arthroscopic surgical techniques and invent innumerable gadgets to assist us in this mission. We computerize our databases, digitize our radiographs, and may even read our journals online. Are there limits to our love affair with technology? While some of us enthusiastically endorse the benefits of computer-assisted surgery, others remain more skeptical. The same might be true of our attitude toward the utility of virtual reality devices in the training of young surgeons.
"Surgical Experience Correlates With Performance on a Virtual Reality Simulator for Shoulder Arthroscopy" by Gomoll et al investigates some of the issues surrounding the training of arthroscopic surgeons with a virtual reality simulator. The design of the study was straightforward. Forty-three subjects were asked to work through a training module that tested basic triangulation skills by requiring them to identify and "touch" a succession of 11 objects that randomly appeared inside a computer-generated shoulder. Parameters that reflected the speed and efficiency of their probe movements were used to rate their effectiveness. The performances of 4 groups of subjects, classified according to their prior experience with arthroscopic surgery, were then compared. The primary finding of the study was that performance on the simulator did indeed correlate with the subjects' level of prior surgical experience.
Modern arthroscopy is particularly amenable to simulator training because even the "real" surgeon performs the procedure while monitoring a virtual image on a video screen. During the infancy of arthroscopic surgery, residents were often urged to practice triangulation inside an empty cardboard milk carton. Later, physical models were introduced that used plastic and foam as substitutes for human tissue. These surrogates still have their use, although their ability to simulate anatomical structures is limited. Cadaveric joints have the greatest degree of verisimilitude, but their use is hampered by ethical considerations, restricted availability, and expense. Modern surgical simulators can incorporate rapidly advancing refinements in graphical simulation and even supply tactile feedback. Although they have initially been limited to providing experience with very basic surgical techniques, the potential for reproducing more complicated procedures remains to be explored.
Surgical simulators are inevitably compared to flight simulators, which have become well established in the training and credentialing of airplane pilots. A number of studies similar to Gomoll et al have established the construct validity of virtual reality simulators, demonstrating that simulator performance correlates with actual level of surgical experience. To establish the place of simulators in the training of surgeons, however, it needs to be shown that the use of these devices enhances performance in the operating room. To paraphrase Han Solo, effectiveness against "remotes" is one thing, but effectiveness when working on living patients is something else. Scientific proof of such skill enhancement is hampered by the largely subjective means by which teaching surgeons traditionally evaluate their trainees. 4 Nevertheless, investigations in other surgical fields seem to be providing evidence that virtual reality training can indeed improve operating room performance. [1] [2] [3] 5 Traditional surgical training has a number of pedagogical shortcomings that are being exacerbated by modern economic pressures. The overall curriculum may be dictated by the practice patterns of the attending surgeons, while the daily assignments of surgical residents are haphazardly determined by the random variation in the cases appearing in the operating room. Although residents are assigned to operations based upon the anticipated findings and difficulty of execution, it is hard to ensure that the surgical challenges will progress at the ideal rate or include the appropriate amount of repetition for optimum skill acquisition. Attending surgeons often find themselves pressured to complete more operations in less time, exigencies that discourage patient, supportive mentorship. Surgical simulators allow trainees to enter at any level of competence and progress according to their own natural ability. Uncommon procedures can be repeated ad libitum until the desired level of facility is achieved. Novices may practice and learn in a relaxed environment, free from the ethical and economic concerns of damaged tissues or lengthened operating time.
As noted, the evaluation of surgical performance has generally been subjective in nature. Currently, there is a trend to objectify student and resident assessment by using discreet performance criteria. Surgical educators could learn a lesson from simulators about using objective criteria in their evaluations of young trainees. Although virtual simulators are at present primarily confined to the teaching of basic tasks, they are able to analyze and measure specific performance parameters that might be useful in determining the readiness of a trainee to attempt a certain procedure in the clinical setting.
Currently available simulators are capable of assuming only a small portion of surgical education, although they show promise of becoming valuable tools as both a prelude and adjunct to actual arthroscopic experience. Unlike the 19thcentury Luddites, today's harried surgeons may be only too happy to have some of their basic teaching responsibilities assumed by machines. Technical competence is of course only one of the requirements for ensuring that a surgeon will be able to benefit humanity. No matter how far its development advances, virtual reality training will always be limited in its ability to teach scientific acumen, judgment, and compassion. As much as 21st-century-and 22nd-century-teaching surgeons embrace virtual technology, we will always need to retain enough of the Luddite that we never completely abnegate our duties as professional educators.
